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���,QWURGXFWLRQ�
2SHUDWLRQ� RI� FDUULHU� VSLQV� LQ� IHUURPDJ�

QHWLF�VHPLFRQGXFWRU� KHWHURVWUXFWXUHV� RIIHUV
HQKDQFHG�IXQFWLRQDOLW\�RI�VSLQ�HOHFWURQLF�GH�
YLFHV� VXFK�DV� VSLQ� WUDQVLVWRUV�� VHQVRUV��DQG
PDJQHWLF�PHPRU\�FHOOV� >����@��7KLV�PDQLSX�
ODWLRQ� FDQ� EH� UHDOL]HG� RQ� WKH� EDVLV� RI�PDJ�
QHWLF� QDQRVWUXFWXUHV� E\� XVH� RI� PDJQHWRUH�
VLVWDQFH� HIIHFWV� DQG� GXH� WR� LQWHUDFWLRQV� EH�
WZHHQ�PDJQHWLF�QDQRVWUXFWXUHV�DQG�HOHFWURQ
VSLQV� LQ�ILHOG�HIIHFW�WUDQVLVWRUV��0DJQHWRUH�
VLVWDQFH� HIIHFWV� DUH� DWWUDFWLQJ� PXFK� DWWHQ�
WLRQ�LQ�D�YLHZ�RI�WKHLU�YDULRXV�DSSOLFDWLRQV�
$Q� H[WUHPHO\� ODUJH� PDJQHWRUHVLVWDQFH
��������KDV�EHHQ�REVHUYHG�DW�URRP�WHPSHUD�
WXUH� LQ� *D$V�JUDQXODU� ILOP� KHWHURVWUXF�

WXUHV� LQ� WKH� DYDODQFKH� VWDWH�� LQ� ZKLFK� D
JUDQXODU� ILOP� FRQWDLQV� IHUURPDJQHWLF�PHWDO
QDQRSDUWLFOHV� RU� IHUURPDJQHWLF� LVODQGV� RQ
VHPLFRQGXFWRU� LQWHUIDFH�� 7KH� YDOXH� RI� WKLV
HIIHFW� LV� WZR�WKUHH� RUGHUV� KLJKHU� WKDQ� WKH
PD[LPXP�YDOXHV�RI�WKH�JLDQW�PDJQHWRUHVLV�
WDQFH�LQ�WKH�PHWDO�PDJQHWLF�PXOWLOD\HUV�DQG
WKH� WXQQHOOLQJ� PDJQHWRUHVLVWDQFH� LQ� WKH
PDJQHWLF� WXQQHO� MXQFWLRQ� VWUXFWXUHV�� 0DJ�
QHWRUHVLVWDQFH� HIIHFWV� RI� KLJK� YDOXHV� KDYH
EHHQ� IRXQG� LQ�*D$V�JUDQXODU� ILOP� KHWHURV�
WUXFWXUHV� ZLWK� JUDQXODU� ILOPV� FRQWDLQLQJ
IHUURPDJQHWLF� PHWDO�0Q6E� QDQR�LVODQGV� >��
�@�DQG�IHUURPDJQHWLF�0Q$V�FOXVWHUV�>�@��7KH
KLJK� YDOXHV� RI� WKH�PDJQHWRUHVLVWDQFH� EDVHG
RQ� WKH� DYDODQFKH� EUHDNGRZQ� KDV� EHHQ� RE�
VHUYHG� LQ� WKH� 6L2��&R��*D$V� KHWHURVWUXF�
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WXUHV�� LQ� ZKLFK� 6L2��&R�� LV� WKH� JUDQXODU6L2�� ILOP� FRQWDLQLQJ� &R� QDQRSDUWLFOHV� >�Ü�@��7KLV�HIIHFW�KDV�EHHQ�FDOOHG�WKH�LQMHFWLRQ
PDJQHWRUHVLVWDQFH� �,05��� ,W� DSSHDUV�� ZKHQ
HOHFWURQV� DUH� LQMHFWHG� IURP� WKH� JUDQXODU
ILOP�LQWR�WKH�*D$V��

)LHOG�HIIHFW� KLJK� HOHFWURQ� PRELOLW\� WUDQ�
VLVWRU� �+(07�� GHYLFHV� ZLWK� VSLQ� SRODUL]HG
HOHFWURQ� FKDQQHOV� DUH� SURPLVLQJ� GXH� WR� WKH
SRVVLELOLW\�WR�FKDQJH�HOHFWURQ�VSLQV�LQ�FKDQ�
QHOV�E\�PDJQHWLF�ILHOG�DFWLRQ��,Q�WKLV�SDSHU�
ZH�VWXGLHG�GHYLFHV�EDVHG�RQ�PDJQHWLF�QDQRV�
WUXFWXUHV�ZLWK�VLOLFRQ�GLR[LGH�ILOPV�ZLWK�FR�
EDOW� QDQRSDUWLFOHV� 6L2��&R�� RQ� *D$V� VXE�
VWUDWH�Û�PDJQHWLF�VHQVRUV�DQG�PDJQHWLFDOO\
RSHUDWHG� ILHOG�HIIHFW� WUDQVLVWRU�� 0DJQHWLF
VHQVRUV� DUH� EDVHG� RQ� WKH� ,05� HIIHFW�� 7KH
ILHOG�HIIHFW�WUDQVLVWRU�FRQWDLQV�6L2��&R��KHW�HURVWUXFWXUH�XQGHU�JDWH��7KH�PDJQHWLF�ILHOG
DFWLRQ� OHDGV� WR� VLJQLILFDQW� FKDQJHV� LQ� WKH
HOHFWURQ�PRELOLW\� LQ� WKH� FKDQQHO� GXH� WR� LQ�
WHUDFWLRQ�EHWZHHQ�VSLQV�RI�&R�QDQRSDUWLFOHV
DQG�HOHFWURQ�VSLQV�

���*LDQW�LQMHFWLRQ
PDJQHWRUHVLVWDQFH�DQG�PDJQHWLF

VHQVRUV
+LJK� YDOXHV� RI� WKH� ,05�HIIHFW� LQ� WKH

6L2��&R��*D$V� KHWHURVWUXFWXUHV� DUH� H[�
SODLQHG� E\� WKH� PDJQHWLF�ILHOG�FRQWUROOHG
SURFHVV� RI� LPSDFW� LRQL]DWLRQ� LQ� WKH�YLFLQLW\
RI� WKH� VSLQ�GHSHQGHQW� SRWHQWLDO� EDUULHU
IRUPHG� LQ� WKH� VHPLFRQGXFWRU� �)LJ������ 7KH
VSLQ�GHSHQGHQW� SRWHQWLDO� EDUULHU� LV� IRUPHG
QHDU� WKH� LQWHUIDFH� E\� DQ� H[FKDQJH� LQWHUDF�
WLRQ� EHWZHHQ� WKH� HOHFWURQV� LQ� ORFDOL]HG
VWDWHV�LQ�WKH�HOHFWURQ�DFFXPXODWLRQ�OD\HU�LQ
WKH�VHPLFRQGXFWRU�DQG�G�HOHFWURQV�RI�&R�>��
��@�� 7KH� DYDODQFKH� SURFHVV� LV� LQGXFHG� E\
HOHFWURQV��ZKLFK�����VXUPRXQW�RYHU�WKH�VSLQ�
GHSHQGHQW� SRWHQWLDO� EDUULHU� IRUPHG� E\� H[�
FKDQJH�VSOLWWHG�ORFDOL]HG�VWDWHV�DQG�����WXQ�
QHO� IURP� WKH� ORFDOL]HG� VWDWHV�� 7KH� LPSDFW
LRQL]DWLRQ� LQGXFHG�E\�WKH� LQMHFWHG�HOHFWURQV
SURGXFHV� KROHV�� ZKLFK� PRYH�� DUH� DFFXPX�
ODWHG� LQ�UHJLRQ�RI� WKH�SRWHQWLDO�EDUULHU�DQG
ORZHU� WKH� EDUULHU� KHLJKW� >�@�� 2ZLQJ� WR� WKH
IRUPHG� KROH� IHHGEDFN�� VPDOO� YDULDWLRQV� LQ
WKH� EDUULHU� KHLJKW� OHDG� WR� VLJQLILFDQW
FKDQJHV�LQ�WKH�FXUUHQW�DQG�LQ�WKH�DYDODQFKH
SURFHVV�� $SSOLHG� PDJQHWLF� ILHOG� LQFUHDVHV
WKH�EDUULHU�KHLJKW��UHGXFHV�WKH�WUDQVSDUHQF\
RI� WKH� EDUULHU�� DQG� VXSSUHVVHV� WKH� RQVHW� RI
WKH�LPSDFW�LRQL]DWLRQ���

0DJQHWLF� VHQVRUV� ZHUH� SURGXFHG� RQ� WKH
VDPSOHV� 6L2��&R��*D$V� ZLWK� WKH� Q�*D$V
VXEVWUDWHV��&DUULHU� FRQFHQWUDWLRQV� LQ� WKH�Q�
*D$V� DUH� HTXDO� WR������FPÜ���7KH�6L2��&R�

ILOPV� ZHUH� GHSRVLWHG� E\� WKH� LRQ�EHDP� FR�
VSXWWHULQJ� RI� WKH� FRPSRVLWH� FREDOW�TXDUW]
WDUJHW� RQWR� WKH� *D$V� VXEVWUDWHV� KHDWHG� WR
����&�� 7KH� FRQFHQWUDWLRQ� RI�&R� QDQRSDUWL�
FOHV� LQ�VLOLFRQ�GLR[LGH�ZDV�YDULHG�E\�FKDQJ�
LQJ� WKH� UDWLR� RI� WDUJHW� DUHDV� RI� FREDOW� DQG
TXDUW]� DUHDV��7KH� ILOP� FRPSRVLWLRQ�ZDV�GH�
WHUPLQHG�E\�WKH�QXFOHDU�SK\VLFDO�PHWKRGV�RI
HOHPHQW� DQDO\VLV� XVLQJ� D� GHXWHURQ� EHDP� RI
WKH� HOHFWURVWDWLF� DFFHOHUDWRU� �5XWKHUIRUG
EDFNVFDWWHULQJ�VSHFWURPHWU\�DQG�QXFOHDU�UH�
DFWLRQ� ZLWK� R[\JHQ��� )RU� WKH� VDPSOHV� XVHG
LQ�PDJQHWLF�VHQVRUV��D�UHODWLYH�&R�FRQWHQW�LV
LQ�WKH�UDQJH�RI���Ü���DW���DQG�ILOP�WKLFN�
QHVV�LV����QP��$Q�DYHUDJH�VL]H�RI�&R�SDUWL�
FOHV�� GHWHUPLQHG� IURP� WKH� ORZ�DQJOH� ;�UD\
VFDWWHULQJ�PHDVXUHPHQWV��LQFUHDVHV�ZLWK�&R
FRQWHQW��IURP�����QP�DW����DW���WR�����QP
DW� ��� DW���� $V� WKH� &R� FRQWHQW� LQFUHDVHV�
WKH� UHVLVWLYLW\� RI� WKH� 6L2��&R�� ILOPV� GH�FUHDVHV� IURP� ����:���FP� ���� DW���� WKURXJK
������Ü��:���FP�����DW����WR�������Ü��:���FP
���� DW����� 3URWHFWLYH� $X� OD\HU� RI� D� WKLFN�
QHVV� �Ü�� QP� KDYH� EHHQ� VSXWWHUHG� RQ
6L2��&R��ILOPV��6L]HV�RI�WKH�VDPSOHV�LQ�PDJQHWLF�VHQVRUV
ZHUH� HTXDO� WR� �u�u����PP��� 2QH� FRQWDFW
ZDV� RQ�*D$V� VXEVWUDWH�� DQG� WKH� RWKHU� RQH
Û� RQ� $X� OD\HU� VSXWWHUHG� RQ� WKH� JUDQXODU
ILOP��0DJQHWLF�VHQVRUV�DUH�FKDUDFWHUL]HG�E\
WKH� LQMHFWLRQ� PDJQHWRUHVLVWDQFH�� ZKLFK� LV
GHILQHG�E\�WKH�FRHIILFLHQW�

,05� �5�+����5���
5��� � �M������M�+�
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ZKHUH�5���� DQG�5�+�� DUH� WKH� UHVLVWDQFHV� RI
6L2��&R��*D$V� KHWHURVWUXFWXUH� ZLWKRXW� D
ILHOG� DQG� LQ� WKH� PDJQHWLF� ILHOG�+�� UHVSHF�
WLYHO\�� M���� DQG� M�+�� DUH� WKH� FXUUHQW� GHQVL�
WLHV� IORZLQJ� LQ� WKH� KHWHURVWUXFWXUH� LQ� WKH

)LJ�����6FKHPDWLF�HQHUJ\�EDQG�GLDJUDP�RI�WKH
PDJQHWRUHVLVWLYH�VHQVRU�EDVHG�RQ�WKH�KHWHURV�
WUXFWXUH�ZLWK�D�TXDQWXP�ZHOO�QHDU�WKH�LQWHU�
IDFH�DQG�D�KROH�WUDS�LQ�WKH�DYDODQFKH�UHJLPH�
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DEVHQFH�RI�D�PDJQHWLF�ILHOG�DQG�LQ�WKH�ILHOG
+�� 7KH� ,05� UDWLR� IRU� 6L2��&R��*D$V� KHW�
HURVWUXFWXUHV� ZLWK� GLIIHUHQW� &R� FRQFHQWUD�
WLRQV� YHUVXV� WKH� DSSOLHG� YROWDJH� 8� LQ� WKH
PDJQHWLF� ILHOG� +� ����� N2H� DW� URRP� WHP�
SHUDWXUH� LV� VKRZQ� LQ� )LJ����� 7KH� PDJQHWLF
ILHOG�+�LV�SDUDOOHO�WR�WKH�ILOP��)RU�PDJQHWLF
ILHOGV�RI�KLJK�YDOXHV��!���N2H��WKH�,05�FR�
HIILFLHQW� LQFUHDVHV� ZLWK� WKH� JURZWK� RI� WKH
DSSOLHG�YROWDJH� >�@�� ,Q� FRQWUDVW� WR� WKLV�� IRU
ORZ� PDJQHWLF� ILHOGV� WKH� ,05� UHDFKHV� WKH
KLJKHVW� YDOXHV� LQ� WKH� UHJLRQ� RI� DYDODQFKH
RQVHW��$V�RQH�FDQ�VHH�IURP�)LJ����� LQ�RUGHU
WR� UHDFK� KLJK� VHQVLWLYLW\� RI� VHQVRUV� LW� LV
QHHG�WR�DSSO\�WKH�YROWDJH�LQ�WKLV�UHJLRQ��

���0DJQHWLFDOO\�RSHUDWHG
ILHOG�HIIHFW�WUDQVLVWRU�

7KH�ILHOG�HIIHFW�+(07�GHYLFH�ZLWK�D�VSLQ
SRODUL]HG�HOHFWURQ�FKDQQHO�ZDV�GHYHORSHG�RQ
WKH� EDVLV� RI� WKH� Q�W\SH�*D$V�$O����*D$V�����,Q����*D����$V� KHWHURVWUXFWXUHV� JURZQ� RQVHPL�LQVXODWRU� *D$V� VXEVWUDWHV� �)LJ�����
7ZR�GLPHQVLRQDO� HOHFWURQ� JDV� LV� IRUPHG� DW
$O����*D$V�����,Q����*D����$V� LQWHUIDFH��+LJKO\PRELOH� FRQGXFWLQJ� HOHFWURQV�ZLWK�YHU\�KLJK
FRQFHQWUDWLRQ� LQ� WZR�GLPHQVLRQDO� HOHFWURQ
JDV�IRUP�WKH�FKDQQHO�ZLWK�YHU\�ORZ�UHVLVWLY�
LW\�� 7KLV� GHYLFH� FRQWDLQV� DQ� DPRUSKRXV
JUDQXODU�6L2��&R��ILOP�ZLWK�FREDOW�QDQRSDU�WLFOHV�XQGHU�WKH�JDWH�HOHFWURGH��7KLFNQHVV�RI
WKH� JUDQXODU� ILOP� LV� HTXDO� WR� ��� QP�� $Q
DYHUDJH� VL]H� RI� &R� SDUWLFOHV� LV� DERXW
���� QP�� 6L2��&R�� ILOP� SRODUL]HV� HOHFWURQVSLQV�LQ�WKH�FKDQQHO�XQGHU�WKH�JDWH��

&XUUHQW�YROWDJH�FXUYHV�RI�ILHOG�HIIHFW�GH�
YLFHV� KDYH� WZR� GLIIHUHQW� SDUWV� >��@�� ,I� WKH
YROWDJH� EHWZHHQ� WKH� VRXUFH� DQG� WKH� GUDLQ
8VG� LV� OHVV� WKDQ� WKH� VDWXUDWLRQ� YROWDJH
8VG�VDW���WKHQ�WKH�FXUUHQW�YROWDJH�FXUYH�LV�VXE�
OLQHDU� DQG� WKH� FXUUHQW� -� IORZLQJ� LQ� WKH
FKDQQHO�LV�GHWHUPLQHG�DV�

-� �P&EO �ª¬�8JV���8JV�WKU��8VG�����8VG� º¼��������

ZKHUH�8JV� LV� WKH� YROWDJH� EHWZHHQ� WKH� JDWH
DQG� WKH�VRXUFH��8JV�WKU�� LV� WKH� WKUHVKROG�YROW�
DJH� EHWZHHQ� WKH� JDWH� DQG� WKH� VRXUFH��ZKHQ
WKHUH�LV�QR�FXUUHQW�LQ�WKH�FKDQQHO��&� LV�WKH
VSHFLILF� FDSDFLW\� EHWZHHQ� WKH� JDWH� DQG� WKH
FKDQQHO��P� LV� WKH� HOHFWURQ�PRELOLW\��E� DQG� O
DUH� WKH� FKDQQHO� ZLGWK� DQG� WKH� OHQJWK�� UH�
VSHFWLYHO\�� :KHQ� 8VG� �8VG�VDW��� WKH� FKDQQHO
EHFRPHV�EORFNHG�DW�WKH�GUDLQ�FRQWDFW�DQG�DQ

)LJ����� ,QMHFWLRQ� PDJQHWRUHVLVWDQFH� UDWLR�� RI
PDJQHWLF� VHQVRUV� YHUVXV� WKH� DSSOLHG� YROWDJH
8� LQ� WKH� PDJQHWLF� ILHOG� +� ����� N2H� IRU
6L2��&R��*D$V�KHWHURVWUXFWXUHV�ZLWK�&R�FRQ�FHQWUDWLRQV����Û����DW������Û����DW������Û
���DW���

)LJ����� )LHOG�HIIHFW� +(07� GHYLFH� ZLWK� VSLQ� SRODUL]HG� HOHFWURQ� FKDQQHO� XQGHU� JDWH� HOHFWURGH�� �D�
6FKHPDWLF�VWUXFWXUH���E��WRSRORJ\�RI�FRQWDFWV��
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HOHFWULFDO� ILHOG� RI� KLJK� YDOXHV� DSSHDUV� LQ
WKLV� UHJLRQ�� ,Q� WKLV� FDVH�� WKH� VDWXUDWLRQ
YROWDJH�LV�

8VG�VDW�� �8JV���8JV�WKU��
)RU� 8VG�t�8VG�VDW�� WKH� GUDLQ� FXUUHQW� -� LV

ZHDNO\� GHSHQGHQW� RQ� WKH� YROWDJH� 8VG� DQGWKH� FXUUHQW�YROWDJH� FXUYH� FDQ� EH� DSSUR[L�
PDWHG� E\� D� OLQH� ZLWK� D� ZHDN� VORSH�� ,Q� WKH
ILUVW�DSSUR[LPDWLRQ�WKLV�VORSLQJ�SDUW�RI�WKH
FXUUHQW�YROWDJH�FXUYH�FDQ�EH�ZULWWHQ�DV�

-� �P&E�O §©8JV���8JV�WKU�·¹
�� ���

7KH� FXUUHQW�YROWDJH� GHSHQGHQFHV� RI� WKH
GHYHORSHG� ILHOG�HIIHFW� +(07� VWUXFWXUH
�)LJ�� ��� FRQWDLQ� WZR� SDUWV� RI� WKH� FXUUHQW�
YROWDJH�FXUYH�GHVFULEHG�E\�UHODWLRQV�����DQG
�����7KH�VDWXUDWLRQ�YROWDJH� � LV� LQ�WKH�UDQJH
���Ü���� P9�� $V� RQH� FDQ� VHH� IURP� )LJ����
WKH�GUDLQ�FXUUHQW�RI�WKH�ILHOG�HIIHFW�WUDQVLV�
WRU�SUHVHQWV� VWURQJ�GHSHQGHQFH� RQ� WKH�JRY�
HUQHG� H[WHUQDO� PDJQHWLF� ILHOG�+�� 7KH� HOHF�
WURQ� PRELOLW\� P� LQ� WKH� FKDQQHO� GHFUHDVHV
ZLWK� WKH� JURZWK� RI� WKH� DSSOLHG� PDJQHWLF
ILHOG��7KLV�SURSHUW\�FDQ�EH�XVHG�LQ�PDJQHWR�
VHQVLWLYH�GHYLFHV���

���&RQFOXVLRQV
:H� VWXGLHG� GHYLFHV� EDVHG� RQ� PDJQHWLF

QDQRVWUXFWXUHV� FRQWDLQLQJ� VLOLFRQ� GLR[LGH
ILOPV�ZLWK� FREDOW�QDQRSDUWLFOHV�6L2��&R�� RQ*D$V� VXEVWUDWH� Û� PDJQHWLF� VHQVRUV� DQG
ILHOG�HIIHFW�WUDQVLVWRU��0DJQHWLF�VHQVRUV�DUH
EDVHG�RQ�WKH�LQMHFWLRQ�PDJQHWRUHVLVWDQFH�HI�
IHFW� DW� WKH� DYDODQFKH� RQVHW� UHJLPH�� 7KH
ILHOG�HIIHFW� WUDQVLVWRU� FRQWDLQV� 6L2��&R�ILOP�XQGHU�JDWH��7KH�ERWK�VWUXFWXUHV�H[KLELW
KLJK�PDJQHWLF� VHQVLWLYLW\� DW� URRP�WHPSHUD�
WXUH���

7KLV�ZRUN�ZDV�VXSSRUWHG�E\�WKH�5XVVLDQ
)RXQGDWLRQ� IRU� %DVLF� 5HVHDUFK�� JUDQW� ���
����������DQG�E\�WKH�0LQLVWU\�RI�(GXFDWLRQ
DQG�6FLHQFH�RI�WKH�5XVVLDQ�)HGHUDWLRQ��SUR�
MHFW����������������������

5HIHUHQFHV
� ���6�$�:ROI�� '�'�$ZVFKDORP�� 5�$�%XKUPDQ� HW

DO���6FLHQFH�������������������
� ���*�6FKPLGW��-��3K\V��'������5�����������
� ���+�$NLQDJD��0�0L]XJXFKL��.�2QR�HW�DO���$SSO�

3K\V��/HWW������������������
� ���+�$NLQDJD��6HPLFRQG��6FL��7HFKQRO������������������
� ���0�<RNR\DPD��7�2JDZD��$�0�1D]PXO�HW�DO���-�

$SSO��3K\V���������'�����������
� ���/�9�/XWVHY�� $�,�6WRJQLM�� 1�1�1RYLWVNLL�

3LV�PD�Y�=K��(NVSHU��7HRU��)L]������������������
� ���/�9�/XWVHY��$�,�6WRJQLM��1�1�1RYLWVNLL�HW�DO��

-��0DJQ��0DJQ��0DW��������H�����������
� ���/�9�/XWVHY��$�,�6WRJQLM��1�1�1RYLWVNLL��3K\V�

5HY��%��������������������
� ���/�9�/XWVHY��$�,�6WRJQLM��1�1�1RYLWVNLL�HW�DO��

6ROLG�6WDWH�3KHQRPHQD�����Ü�����������������
����/�9�/XWVHY�� -��3K\V��&RQGHQV�� 0DWWHU��� ���

������������
����9�9�3DV\QNRY�� /�.�&KLUNLQ�� $�'�6KLQNRY�

6HPLFRQGXFWRU�'HYLFHV��9\VKD\D�6KNROD��0RV�
FRZ��������>LQ�5XVVLDQ@��

)LJ����� &XUUHQW�YROWDJH� GHSHQGHQFHV� RI� WKH
ILHOG�HIIHFW� +(07� GHYLFH� LQ� WKH� PDJQHWLF
ILHOG� +� ��� N2H� DQG� ZLWKRXW� D� PDJQHWLF
ILHOG�� 8VG� LV� WKH� GUDLQ� YROWDJH�� 8JV� LV� WKHYROWDJH�DW�WKH�JDWH�HOHFWURGH�

/�9�/XWVHY�HW�DO����6SLQWURQLF�GHYLFHV�EDVHG�RQ����

�� )XQFWLRQDO�PDWHULDOV�������������
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